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ABSTRACT 



A spectrophotometer for measuring a two-dimensional area 
or a spot area in a rather broad surface of a sample, where 
the spectrophotometer is provided with a camera for taking 
the picture of the sample surface. The picture is shown on a 
display screen, and the operator can move a window super- 
imposed on the sample picture in the display screen by using 
a mouse or the like to a desired place on the sample surface. 
The sample stage on which the sample is mounted moves 
according to the movement of the mouse, whereby a spec- 
trophotometric measurement of the desired place (two- 
dimensional area or the spot area) on the sample is facili- 
tated. 

12 Claims, 6 Drawing Sheets 
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SPECTROPHOTOMETER AND ITS 
APPLICATION TO A COLORIMETER 

The present invention relates to a spectrophotometer that 
measures a two-dimensional area or a spot area in a rather 
broad sample surface. Such a spectrophotometer is used in 
an area analyzer, in a colorimeter, eta 

BACKGROUND OF THE INVENTION 
^ A colorimeter using a two-dimensional spectrophotom- 
eter is illustrated in FIG. 9. Light emitted from a lamp 11 is 
reflected by the surface of a sample 2 placed on a sample 
stage 1. and passes through a slit 12 extending in the 
Y-direction. The light passing through the slit 12, which 
corresponds to a linear portion extending in the Y-direction 
on the sample surface, is coUimated by a lens 13 and is 
separated with respect to the wavelength by a difiEraction 
grating 14* The separated light passes through a harmonics- 
eliminating filter 15 and is cast on a photo-detector 17 by a 
lens 16. The photo-detector 17 is composed of two- 
dimensionally-arrayed tiny photo-sensors, where one 
dimension in the Y-direction corresponds to the linear por- 
tion of the sample surface and the other dimension in the 
JUuiection corresponds to wavelength of the separated light 
coming from every elementary area of the linear portion. 
That is, a spectral image representing the collection of the 
spectra of the linear portion of the sample 2 is cast on the 
photo-detector 17. 

While an optical system 10 including the lamp 11, dif- 
fraction grating 14 and photo-detector 17 is moved by a 
motor (not shown) intermittently in the X-direction, which 
is perpendicular to the linear portion in the Y-direction, the 
spectral images of the linear portions are respectively 
obtained. Instead of moving the optical system 10, the 
sample stage 1 may be moved in the X-direction. When a 
preset distance is moved, spectra of the elementary areas 
constituting the two-dimensional area swept by the linear 
portion on the sample surface are obtained. The photo- 
intensity data constituting the spectra of the two- 
dimensional area is processed in a personal computer 2t to 40 
Determine the color of every elementary area. The results of 
the data processing are shown on the screen of a display 
device 21 or given out from a printer 22. 

Such a two-dimensional colorimeter or spectrophotom- 
eter is useful in measuring a color distribution of a two- 45 
dimensional area or in performing a two-dimensional chemi- 
cal analysis. It should be noted, however, that the operator 
must ctetermine first the area in which a measurement is 
performed. In a conventional colorimeter or 
spectrophotometer, the operator moves the sample stage or 
the optical system while looking carefully at the sample and 
the optical system together. When the measurement area is 
small compared to the whole area of the sample, or when an 
exact placing of the measurement area is required, such an 
area setting is tedious and troublesome for the operator. 

SUMMARY OF THE INVENTION 
An object of the present invention is therefore to provide 
a sr>ectrophotometer or a colorimeter in which placing of a 
measurement area is greatly facilitated. 

Further object of the present invention is to provide an 
advanced form of the above spectrophotometer or a colo- 
rimeter in which a preparatory measurement can be made to 
facilitate the proper measurement or to improve the effi- 
ciency of the overall measurement 

Thus the first type of spectrophotometer according to the 
present invention includes: 



a light source for casting a light on a sample; 
a spectral element for separating the light coming from a 
linear portion of the sample with respect to wavelength; 
a photo-detector including a plurality of elementary 
photo-sensors arrayed two-dimensionally for measur- 
ing the light separated by the spectral element; 
a first controller for controlling a relative movement of a 
sample stage on which the sample is mounted and an 
optical system including the spectral element and the 
photo-detector in order to perform a spectrophotom- 
etry; 

a camera for taking a picture of the sample; 
a display device for showing the picture of the sample; 
an input device, such as a mouse, track ball digitizer, 
slide pad, keyboard, etc.. used by an operator looking 
at the picture for designating a place on the sample; and 
a second controller for controlling a relative movement of 
a sample stage and the optical system in order to faring 
the designated place at the optical system 
The spectrophotometer may further include: 
a window generator for generating an image of a window 

at the designated place; and 
a superimposer for sur>erimposing the image of the win- 
dow on the picture of the sample. 
A second type of spectrophotometer according to the 
present invention includes: 

a light source for casting a light on a sample; 
a spectral element for separating the light corning from 

the sample with respect to wavelength; 
a photo-detector for measuring the light separated by the 

spectral element; 
a camera for taking a picture of the sample; 
a display device for showing the picture of the sample; 
an input device used by an operator looking at the picture 

for designating a place on the sample; and 
a controller for controlling a relative movement of a 
sample stage and the optical system in order to bring 
the designated place at the optical system. 
The spectrophotometer of mis type may further include: 
a pointer generator for generating an image of a pointer at 

the designated place; and 
a superimposer for sinxrimposing the image of the 

pointer on the picture of the sample. 
The function of the pointer is just the same as the window 
in the above spectrophotometer. 

In the spectrophotometer of the first and second types of 
the present invention, the operator can designate or set a 
desired measurement area or measurement spot looking at 
the picture of the sample surface on the display device. The 
window or pointer superimposed on the picture clearly 
identify the measurement area or spot When the operator 
operates the input device, the window or pointer moves, or 
the picture moves instead while the window or pointer is 
fixed, according to the operation of the input device. The 
second controller in the first type or the controller in the 
second type moves the sample stage or the optical system 
according to the movement of the window or the pointer. 
Thus, when the operator finally determines or designates a 
60 place to measure, the designated place is at the optical 
system, whereas the spectrophotometry is aut om a ti cal l y 
performed on the designated area or spot Instead of moving 
the sample stage or the optical system real-time with the 
movement of the window or the pointer, the second con- 
troller in the first type or the controller in the second type 
may move them after the measurement area is finally 
determined. 
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The third type of the present invention is an application to FIG. 5 is a schematic diagram of a colorimeter of 

a colorimeter which is used for measuring a color or colors EMBODIMENT 4. 

of a sample mounted on a sample stage by performing a FIG. 6 shows a logical structure of the memory space in 

spectrophotometry of the sample using an optical system. an RGB memory of EMBODIMENT 4. 

The colorimeter includes: 5 HG 7 snows a logical structure of the memory space in 

a camera for taking a color picture of the sample, the an RGB memory of a variation of EMBODIMENT 4. 

picture consisting of twcMlimensionally arrayed pixels; n(J g ^ shows ^ example ^ on a screcn 

a data storage for storing color data of the pixels with an j n EMBODIMENT 4. 

information about a place of each of the pixels; n G . 9 is a schematic diagram of a conventional colorim- 

determining means for determining a place and/or a size ctcr 
of a measurement area of the sample based on the color 

data of the pixels with the information about the place DETAILED DESCRIPTION OF PREFERRED 

referring to a preset rule; EMBODIMENTS 

moving means for moving the sample stage and/or the n EMBODIMENT 1 

optical system; and > 

a controller for controlling a relative movement of the HG. 1 shows an abstract structure of a colorimeter 

sample stage and the optical system so that the spec- embodying the first type of the present invention, in which 

trcphotometry is performed on the measurement area. the optical system 10 is the same as shown in FIG. 9. Alamp 

The colorimeter may further include: ^ 30 provided for a sample picturing fflumin ates the sample 2 

a pointer generator for generatin g an image of a pointer at S an oouque angle, a^aCOO;^ = of 

the designated place! and the whole OT a part oi^iSEpIc^^ 

a superimposer for superimposing the image of the f^? e P*?™ is s «*to ^^^Lp^s^^c 

potoeron the picture VfZVan£le. * conwitod ^fr^^^^SE 

In dTabove colorimeter, the camerltakes a color picture 25 a frame memory provided in iL Various 

of the sample before a proper color measurement using a may be made on the image ^data of the sample jpane in the 

spectrometry is pertoed. The color data of the ^ » su f 38 ^i^l,^ 

picVureis stcSi a data storage. The color data may, for <fP^*f ^V^ 0 ^ ^""J T'^ES&S 

example, be separated into red (R), green (G) and blue (B) ^ h « to a window display as oesenbed 

prirn^y colors^ may be separated oTherwke so long as the 30 later The image ^ pooeued "* c ™*% 

Reparation can discrmimatedififerent colors of the sample sor 32 is sent to a display device 33 where me picmre of the 

surface. The color data is stored with the information about surfacc 15 shoWD on mc scrccn ofthc ***** *™* 
the place of each pixel Using the color data with the 

information about the place, various preparatory measures a 34 * operated, a signal corresponding to 

can be taken, one of which is to automatically determine the 35 mc operation is sent to a controller 35. The controller 35, 

place and/or the size of a measurement area suited for the which is composed of a CPU. ROM, RAM. etc., processes 

object of the color measurement the signal, and generates and sends control signals to the 

When, for example, a precise color comparison between image signal processor 32 and a motor driver 36 according 

two or more areas having the same or similar colors on a to the operation of the mouse 34, as described later. Respon- 

sample is required, me detennining means read out the color 40 sive t0 contro1 motor driver 36 drives an 

data of the pixels with the information about the place from X-axis motor 37 and Y-axis motor 38 to move a sample stage 

the data storage, and determine areas of the same or similar h whereas the designated place of the sample is measured, 

colors. Then, referring to a preset rule, the determining A process of a color measurement on the above colorim- 

means determine the places and/or the sizes of measurement eter is now described. First a sample 2 is put on the sample 

areas on the sample. After the measurement areas are 45 stage 1, and the operator adjusts the zoom lens (not shown) 

determined, the controller moves the sample or the optical of the CCD camera 31 to show the picture of the whole 

system to bring the measurement areas to the optical system sample 2 on the screen of the display device 33. When the 

one by one, whereby color measurements by spectropho- object of the measurement is a part of the sample surface, the 

tometry are automatically performed. When the size of the zoom lens is adjusted to show the part enlarged on the 

measurement areas, as well as the places, are determined, the 50 display screen 33. When the zoom lens adjustment of the 

controller changes the distance between the sample and the CCD camera 31 is finished, the operator operates a keyboard 

optical system. If a zoom lens is used, the distance need not (not shown) of the controller 35 to give a command 'freeze 

be changed but the focal length of the zoom lens is changed the picture**. When the controller 35 receives the command, 

to adjust the size of the measurement area. it stops storing image data to the frame memory in the image 

The colorimeter of the present invention greatly improves 55 signal processor 32, whereby the picture on the display 

the efficiency of color measurements, and decreases the screen 33 is freezed. 

processing time. The controller 35, on the other hand, creates image data 

BRIEF DESCRIPTION OF THE DRAWINGS of a ^J??"^** "T 5! ™ d<W f V 

v vi rectangle which will be superimposed on the picture of the 

FIG. 1 is a schematic diagram of a colorimeter of ^ sample 2 in the display screen 33- The image data of a frame 

EMBODIMENT 1. including the window is sent to the image signal processor 

FIGS. 2A and 2B show examples of display on a display 32. In the initial state where the mouse 34 is not yet operated, 

screen. a window of a preset size is placed at the center of the 

FIG. 3 is a schematic diagram of the optical system of display screen 33. When the mouse 34 is moved, the window 

EMBODIMENT 2. 65 is moved on the display screen 33 accordingly, and when 

FIG. 4 is a schematic diagram of a colorimeter of either of two switches on the mouse 34 is depressed, the size 

EMBODIMENT 3. of the window is enlarged or shrunk by a preset amount. It 
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is possible to use the mouse 34 according to the standard 33 is freezed A modification to such method is that the 
of^dows Operating System. i.e., to drag the location ofthewindow 41 is fixed .t the ^terof*e^y 
periphery of the window to change the size of the window. screen 33 and the sample picture* not freezed. In t^scasc 
Theimage signal processor 32 superimposes the image data when the mouse 34 is moved, the sam^e stage lu ;inoved 
of theto^mmVcontrollei 35 on the image data stored 5 accordingly while the CCD earner 31 tatome^ct^ of 
in the frame memory, whereby the window 41 is shown the fixed place under the optical system 10. Thus the wimple 
superimposed on the picture 40 of the sample 2 in the picture moves according to the movement of fee mouse 34 
cUsphylcreen 33, as shown in FIG. 2A. As described later, while the window 41 is fixed at the center of the display 
the window 41 indicates the area in which a spectrophoto- screen 33 showing the measurement area- 
metric measurement is performed automatically. io Another modification is that the sample stage 1 is not 

Looking at the picture 40 on fee display screen 33. fee moved when the mouse 34 is moved and fee window 41 in 

operator operates the mouse 34. The controller 35 creates the fee display screen 33 moves accordingly After moving fee 

jmaae dataof a frame including a window 41 feat has fee window 41 to a desired place on the sample picture using fee 

size and location according to the operation of the mouse 34, mouse 34, the operator depresses a switch on the mouse 34 

and sends feeimage data to the image signal processor 32 at " or clicks on an appropriate coiranand area in the display 

every preset short time interval. Every time the image data screen 33 to give a conunand of ^ove sample stage . 

c^mes from fee controller 35, the image signal processor 32 Receiving fee command, fee controller 35 calculates the 

superiim^sfeeimagedateonfeeiinageo^ direction and amount of movement of fee sampe stage 1 

rictoTstored in fee frame memory, and refreshes fee image referring to the location of the window in fee display screen 

on the display screen 33. Thus the picture 40 on fee display 20 33, and sends commands to the motor driver 36 to rooye the 

screen 33 is changed as shown in FIG. 2B where only fee sample stage 1 as calculated, whereby the place to be 

size and location of fee window 41 are changed while the measured corresponding to the window 41 comes under fee 

picture 40 of the sample surface is unchanged. optical system 10. 

Meanwhile, based on the information of the position of In this case, further, it is possible to refresh the image data 

fee zoomlensoffee CCD camera 31 at fee ti 25 in the frame memory by the image data of the picture token 

picture is freezed and fee position of fee sample stage 1 at by the CCD camera 31 when fee movement of the sample 

me time the sample picture is freezed, a plac* in the picture stage 1 is finished and fee desired place on fee sample 2 is 

showo on thedSplay screen 33 and an actual place on fee located under the optical system 10. and s^enmpose fee 

sample surface can be correlated Then, a movement of the imagedataof afraiiieindu^ 

simple stage 1 is calculated from fee movement of fee 30 center. This method is convenient for the operator when fee 

~dow 41 on the display screen 33. Thus the controller 35 sample 2 is large and fee area taken by the CCD camera 31 

calculates fee X-directional and Y-directJonal movements of is rather small, 

fee sample stage 1 based on fee signal from fee mouse 34, FMT^nnTMKNT 2 

and sends commands to fee motordriver 36. Receiving fee ^ EMBUDJMtirri 

commands, the motor driver 36 sends driving signals to fee The camera 31 is placed at an oblique angle from fee 

X-axis motor 37 and Y-axis motor 38 to move fee sample normal to the sample surface in fee preceding embodiment, 

stage 1 according to fee movement of the mouse 34. Thus which renders a distorted picture of the sample surface. Such 

when the mouse 34 is operated, the sample stage 1 moves a distortion may not be harmful in locating the window at a 

horizontally to trace the movement of the mouse 34, and fee ^ desired place but gives a rather odd feeling to fee operator, 

area to be measured comes under the optical system 10. It ls therefore preferable to correct fee distortion especially 

After locating the window 41 at a desired place in fee when the picture is printed out The sr^ectrophotometer of 

sample picture 40 on the display screen 33 using the mouse the present embodiment as shown in FIG. 3 does not render 

34, the operator operates fee keyboard or fee mouse 34 to such a distortion. A lens 50 and a half-mirror 51 are provided 

give a command for starting a spectrc>photometric measure- ^ between the sample 2 and the optical system 10 to give half 

ment Receiving the command, fee controller 35 starts a of the light from the sample surface to the camera 31 and the 

spectrophotometric measurement in the selected area of fee rest half to fee optical system 10. An alternative is that a 

sample surface corresponding to fee window 41. The pro- full-reflection inirror is placed on the optical path to take the 

cess of fee spectrophotometric measurement is as described picture of fee sample surface, and the full-reflection mirror 

before. That is, after a linear portion of fee selected area is ^ is displaced from the optical path after the picture is freezed 

measured, fee sample stage 1 is moved a preset small on fee display screen 33. 

distance (which is normally set equal to the resolution in fee I _~ rmufT71srr . 

X-direction) by fee X-axis motor 37 and fee next linear EMBODIMENT 3 

portion neighboring fee previous linear portion is measured. FIG. 4 shows a colorimeter embodying fee second type of 1 

I After the measurements are repeated and the selected area is J3 the present invention. The optical system of the colorimeter jj 

swept by fee linear portions, the data sent to the personal includes j lamp 61, an object lens 62. a pinhole plate 63, ajl 

computer 20 is processed and colors of respective clemen- diffraction gratrSf 64. a harmonics-eliminating filter 65. 1 

tary areas are determined. While fee spectrophotometric another lens 66 and a photo-detector 67. The lamp 61 casts 1 

measurement is performed, signals from fee mouse 34 are a s ^ ot ]^ st of m adequate diameter onto fee sample 2, and 

ignored. When fee spectrophotometric measurement is ^ the light reflected from the sample surface is focused by the 

completed, signals from fee mouse 34 are duly processed. object lens 62 on fee pinhole plate 63 to form an image of 

^ -™~> , the sample surface. The light of a portion (the measurement 

MODIFICATIONS TO EMBODIMENT 1 spot) of ^ j^gg pa SSC s through fee pinhole in the pinhole 
When fee mouse 34 is moved in the above emfxxliment, plate 63, and the light is separated with respect to fee 
the window 41 moves in fee display screen 33 and the 65 wavelength by fee diffraction grating 64. Harmonics in the 
sample stage 1 moves according to fee movement of the separated light are eliminated by fee harmomcs-e^atmg 
mouse 34 while fee sample picture 40 on fee display screen filter 65. The separated light is cast by the lens 66 onto fee 
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photo-detector 67 which is composed of a plurality of measured, the zoom lens is adjusted to show the part 

elementary photo-sensors aligned linearly, whereby the enlarged on the display screen 33. After the zoom lens of the 

J spectrum of the measurement spot is obtained. The data of CCD camera 31 is adjusted, the operator operates the 

f the spectrum is sent to a personal computer 20 where the command input device 71 of the controller 35 to give a 

Q data is analyzed and the result is shown on the screen of a 5 command "memory the data". When the controller 35 

I display device 21 receives the command, it stores the color image data of the 

' Similarly to EMBODIMENT 1. the sample stage 1 is frame of the sample picture at that time in the RGB memory 

moved in the X- art Y- ^directions a^ordkg to the q^tion • a ^ircd placc within me sample 

of«te mouse M Instead of the window us^in mfflODI- 0 „ mc J^tay sac ^ 33. mc n^onb^ecn the 

MENT 1. a "+ cursor or an arrow is used to show toe «o ^ oq J ^ surface md fte of ^ 

measurement s^t on the sample ptcdire shown on toe pilel ^ ^ ^own beforehand. This is done 

display screen 33. ^ pjQ ^ shows a logical structure of the memory 

The colorimeter of the present embodiment is convenient space m me RGB memory 70. The RGB memory 70 

when color measurements at spots of rather small number includes a main memory 80, an X-axis memory 81 and a 

are required to perform at high speed It is also advantageous memory $2. The main memory 80 consists of 

in that the S/N ratio of the measurement is improved. One memory cells having a two-dimensional structure corre- 

reason is that the intensity of light cast onto the sample 2 is sponding to the frame of the CCD camera 31, where each 

high because the light from the lamp 61 is concentrated in memory cell stores the color data of a pixel- Each memory 

a narrow spotted area. Another reason is that an optical ^li of the main memory 80 has the memory capacity 

system having a larger numerical aperture can be used corresponding to the depth of the three primary colors, RGB. 

because less aberrations of the optical system are expected The X-axis memory 81 consists of memory cells having a 

in collimating a spot area toward the diffraction grating 64 linear structure corresponding to the X-coordinate of the 

than in collimating a linear area. Thus more light is collected main memojy $q, and Y-axis memory 82 consists of 

by the optical system to produce a spectrum. ^ memory cells having a linear structure corresponding to the 

EMBODIMENT 4 Y-coordinate of the main ^ry 80. 

The color data of a frame is stored in the main memory 80. 

FIG. 5 shows a colorimeter embodying the third type of Since the CCD camera 31 is fixed, the scope of the area on 

the present invention. The optical system 10 of the colcrim- the sample 2 taken by the CCD camera 31 is determined if 

cter of the present embodiment is the same as in EMBODI- 30 the position of the sample stage 1 (Le., X-axis position and 

MENT 1. A lamp 3jLp rovided for a sample picturing Y-axis position) and the position of the zoom lens are 

illuminates the sample 2 at an oblique angle, and a color determined, whereby the X- and Y-cocrdinates of any place 

CCD camera 31 tak es a picture of the whole or a part of the on the sample surface are determined. When, for example, 

sample 2. The color image signal of the sample picture is the unit of coordinates is set equal to the minimum resolu- 

sent to an image signal processor 32 where various image 35 tion of the spectrophotometry measurement; and if the 

processings are made on the image data of the sample minimum resolution of the spectrophotometric measurement 

picture in the image signal processor 32, such as noise Is equal to the size of a pixel of the CCD camera 31. an 

filtering, edge emphasis, color correction, etc, and the pic- address within the main memory 80 corresponds to the unit 

ture is shown on the display screen 33. The color image of coordinates in the scope of the area taken by the CCD 

signal of a frame from the CCD camera 31 is converted into ^ camera 31. Thus the coordinate values are stored in the 

a set of color image data composed of R (red), G (green) and X-axis memory 81 and the Y-axis memory 82, whereby any 

B (blue) depth data of respective pixels constituting the coordinate values of the X-axis and Y-axis are directly 

frame, and the color image data are stored in an RGB obtained by reading out the data from the X-axis memory 81 

memory 70. A controller 35, which is cxnnposed of a CPU, and the Y-axis memory 82. 

ROM, RAM, etc., can read out the data of any pixel of any 45 Another method of detennining the relationship between 

color stored in the RGB memory 70 by designating the the address in the RGB memory 70 and the actual place on 

proper address. the sample surface is as follows. As shown in FIG. 7, a large 

According to an instruction from the operator as described memory space 83 is provided to cover the whole range of 

later, the controller 35 reads out an a ppr opr i ate data from the area that the sample stage 1 can reach. Within the large 

RGB memory 70 and examines the data. Based on the 50 memory space 83, each memory cell corresponds to an 

examination result the controller 35 generates commands actual elementary area in the whole range of area, and data 

and sends them to a motor driver 36. The sample stage 1 is of a pixel taken by the CCD camera 31 is directly stored in 

movable three-dimen sionalfy by an X-axis motor 37, Y-axis the corresponding memory cell of the large memory space 

motor 38 and Z-axis motor 39, among which X-axis motor 83. Thus the image data taken by the CCD camera 31 

37 and Y-axis motor 38 are for locating a desired place of the 55 occupies a block 84 in the large memory space 83 as shown 

sample 2 under the optical system 10, and the Z-axis motor in FIG. 7. When the zoom lens of the CCD camera 31 is 

39 is for setting the measurement area at a desired size. A adjusted to take a very small area on the sample surface, the 

command input device 71 such as a keyboard or mouse is image data occupies a very small block 84 in the large 

connected to the controller 35. The command input device memory space 83. 

71 to the controller 35 may be commonly used with that of eo Using the color image data stored in the RGB memory 70, 
the personal computer 20. and the display device 33 may various automatic measurement can be performed. An 
also be used commonly with that 21 for the personal example is as follows. When some areas having similar 
computer 20. colors have to be precisely compared in a sample 2 corn- 
When colors of a sample 2 is measured, the operator puts posed of many complicated areas of different colors, the 
the sample 2 on the sample stage 1, and adjusts the zoom 65 colorimeter of the present embodiment can automatically 
lens of the CCD camera 31 to show the whole of the sample choose said some areas, determine the colors and compare 
2 on the display screen 33. When a part of the sample is them. In this measurement first the color to be compared is 
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set by the operator from the command input device 71, 
where the color may be designated by the color number or 
by choosing one from a plurality of color samples. When the 
color is set, the controller 35 reads out data from cell to cell 
in the RGB memory 70 and examines whether the color of 
the data is the same or similar to the set color. When data of 
all the cells are examined, the area of the same or similar 
colors are chosen. 

In a frame 9° as shown in FIG. 8, for example, the hatched 
areas 91 and 92 can be regarded having the same or similar 
colors, and a measurement area should be set within each of 
the areas 91 and 92. In this case, the arcas91 and 92 can be 
automatically selected as described aboveTAfter the areas 91 
and 92 are thus selected, a recta gular window 93 or 94 for 
showing the measurement area is set in each of the selected 
areas 91 and 92, and the coordinates of the windows 93 and 
94 are determined. Based on the coordinates, the amount of 
movement of the sample stage 1 in the X- and Y4irections 
for bringing the window 93 or 94 under the optical system 
10 Is then calculated, and the amount of movement of the 
sample stage 1 in the Z-direction is also calculated for 
equalizing the measurement area to the size of the window 
93 or 94. The controller 35 sends commands representing 
the X-, Y- and Z-directional movements to the motor driver 
36, which controls respective motors 37, 38 and 39 to bring 
the starting line (a Y-directional linear portion of one of the 
windows 93, for example) under the optical system 10. Then 
the linear portion of the window 93 is measured, and a 
spectral image of the linear portion is obtained, where one 
dimension of the spectral image corresponds to the 
Y-directional position of the linear portion and the other 
dimension corresponds to the spectrum of each point of the 
linear portion. 

After the measurement of the starting linear portion is 
finished, the sample stage 1 is moved by the X-axis motor 
37 in the X-direction to the neighboring linear portion and 
the same measurement as above is done. When the mea- 
surements on the Y-directional linear portions are thus 
repeated and the window 93 is swept by the linear portions, 
the spectra of each point in the window 93 (i.e., the 
two-dimensional measurement area) arc obtained. Then the 
motor driver 36 drives the X-, Y- and Z-axis motors 37, 38 
and 39 to bring the starting line of the next window 94 under 
the optical system 10. When all such measurements are 
finished for the selected windows 93 and 94, the colors of the 
areas 91 and 92 are determined. 

Using the above method of detecting areas having the 
same or similar colors, the following measurements become 
possible: 

(1) calculate an average color value of areas having the 
same or similar colors; and 

(2) color measurements on areas having the same or 
similar colors are omitted and only areas having dif- 
ferent colors are measured. 

Though a two-dimensional area is measure in the above 
description, similar measurement on a small spot area on the 
sample 2 is also possible. Since, in this case, the size of the 
spot can be varied by moving the sample stage 1 in the 
Z-direction. such measurements become possible that an 
average color of a rather broad spot area is measured, or a 
color of a narrow spot area of a precise position is measured. 
Further, a measurement of an area having a complicated 
shape can also be performed by placing a mask plate having 
an aperture of such shape between the sample 2 and the 
optical system 10. 

In any of the preceding embodiments, the optical system 
10 may be moved instead of moving the sample stage 1. 



6,083 

What is claimed is: 

1. A sr^ctrophotometer comprising: 

a light source for casting a light on a sample; 
a spectral element for separating the light coming from a 
5 linear portion of the sample with respect to wavelength; 
a photo-detector including a plurality of elementary 
photo-sensors arrayed two-dimensionally for measur- 
ing the light separated by the spectral element; 
10 a first controller for controlling a relative movement of a 
sample stage on which the sample is mounted and an 
optical system including the spectral element and the 
photo-detector in order to perform a spectrophotomet- 
ric measurement; 
15 a camera for taking a picture of the sample; 

a display device for showing the picture of the sample; 
an input device used by an operator looking at the picture 

for designating a photo on the sample; 
a second controller for controlling a relative movement of 
20 the sample stage and the optical system in order to 
bring the designated place at the optical system; 
a window generator for generating an image of a window 
at the designated place; and 
^ a superimposer for superimposing the image of the win- 
dow on the picture of the sample. 

2. The spectrophotometer according to claim 1, wherein a 
half mirror is placed between the sample and the optical 
system for splitting the light from the sample to the optical 

30 system and to the camera. 

3. The spectrophotometer according to claim 1, wherein a 
movable mirror is provided, the mirror being movable 
between a first position on an optical path between the 
sample and the optical system for reflecting the light from 
the sample to the camera and a second position out of the 
optical path for letting the light from the sample toward the 
optical system. 

4. A colorimeter using the spectrophotometer according to 
claim 1. 

^ 5. A spectrophotometer comprising: 

a light source for casting a light on a sample; 

a spectral element for separating the light coming from 

the sample with respect to wavelength; 
a photo-detector for measuring the light separated by the 
45 spectral element; 

a camera for talcing a picture of the sample; 
a display device for showing the picture of the sample; 
an input device used by an operator looking at the picture 
^ for designating a place on the sample; 

a controller for controlling a relative movement of a 
sample stage and an optical system including the spec- 
tral element and the photo-detector in order to bring the 
designated place at the optical system; 
55 a pointer generator for generating an image of a pointer at 
the designated place; and 
a superimposer for superimposing the image of the 
pointer on the picture of the sample. 

6. The spectrophotometer according to claim 5, wherein a 
60 half mirror is placed between the sample and the optical 

system for splitting the Light from the sample to the optical 
system and to the camera. 

7. The spectrophotometer according to claim 5, wherein a 
movable mirror is provided, the mirror being movable 

63 between a first position on an optical path between the 
sample and the optical system for reflecting the light from 
the sample to the camera and a second position out of the 



07/07/2004, EAST Version: 1.4.1 



5,706,083 



11 



optical path for letting the light from the sample toward the 
optical system. 

8. A colorimeter using the spectrophotometer according to 
claim 5. 

9. A colorimeter for measuring a color or colors of a 
sample mounted on a sample stage by performing a spec- 
trophotometric measurement of the sample using an opdcal 
system, the colorimeter comprising: 

a camera for taking a color picture of the sample, the 

picture consisting of rwo-dimensionally arrayed pixels; 
a data storage far storing color data of the pixels with an 

information about a place of each of the pixels; 
determining means for determining a place and/or a size 

of a measurement area of the sample based on the color 

data of the pixels with the information about the place 

referring to a preset rule; 
moving means for moving the sample stage and/or the 

optical system; and 
a controller for controlling a relative movement of the 20 

sample stage and the optical system so that the spec- 
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trophotometric measurement is performed on the mea- 
surement area. 

10. The colorimeter according to claim 9, wherein the 
colorimeter further comprises: 

a pointer generator for generating an image of a pointer at 

the designated place; and 
a superimposer for superimposing the image of the 

pointer on the picture of the sample. 

11. The colorimeter according to claim 9, wherein a half 
mirror is placed between the sample and the optical system 
for splitting the light from the sample to the optical system 
and to the camera. 

12. The colormeter according to claim 9, wherein a 
movable mirror is provided, the mirror being movable 
between a first position on an optical path between the 
sample and the optical system for reflecting the light from 
the sample to the camera and a second position out of the 
optical path for letting the light from the sample toward the 
optical system. 
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